SHIP PRODUCTION COMMITTEE September 1979
FACILITIES AND ENVIRONMENTAL EFFECTS NSRP 0006
SURFACE PREPARATION AND COATINGS

DESIGN/PRODUCTION INTEGRATION

HUMAN RESOURCE INNOVATION

MARINE INDUSTRY STANDARDS

WELDING

INDUSTRIAL ENGINEERING

EDUCATION AND TRAINING

THE NATIONAL
SHIPBUILDING
RESEARCH
PROGRAM

Proceedings of the REAPS
Technical Symposium

Paper No. 20:

Application of the GIFTS-5
Minibased Graphics System
for Ship Design and Analysis

U.S. DEPARTMENT OF THE NAVY
CARDEROCK DIVISION,
NAVAL SURFACE WARFARE CENTER



Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display acurrently valid OMB control number.

1. REPORT DATE 2. REPORT TYPE 3. DATES COVERED
SEP 1979 N/A -
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

The National Shipbuilding Research Program Proceedings of the REAPS
Technical Symposium Paper No. 20: Application of the GIFTS5
Minibased Graphics System for Ship Design and Analysis 5c. PROGRAM ELEMENT NUMBER

5b. GRANT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Naval Surface Warfare Center CD Code 2230 - Design Integration Tools | REPORT NUMBER
Building 192 Room 128 9500 M acArthur Blvd Bethesda, MD 20817-5700

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)
11. SPONSOR/MONITOR’ S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release, distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF

ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b. ABSTRACT c. THISPAGE SAR 28
unclassified unclassified unclassified

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



DISCLAIMER

These reports were prepared as an account of government-sponsored work. Neither the
United States, nor the United States Navy, nor any person acting on behalf of the United
States Navy (A) makes any warranty or representation, expressed or implied, with respect
to the accuracy, completeness or usefulness of the information contained in this report/
manual, or that the use of any information, apparatus, method, or process disclosed in this
report may not infringe privately owned rights; or (B) assumes any liabilities with respect to
the use of or for damages resulting from the use of any information, apparatus, method, or
process disclosed in the report. As used in the above, “Persons acting on behalf of the
United States Navy” includes any employee, contractor, or subcontractor to the contractor
of the United States Navy to the extent that such employee, contractor, or subcontractor to
the contractor prepares, handles, or distributes, or provides access to any information
pursuant to his employment or contract or subcontract to the contractor with the United
States Navy. ANY POSSIBLE IMPLIED WARRANTIES OF MERCHANTABILITY AND/OR
FITNESS FOR PURPOSE ARE SPECIFICALLY DISCLAIMED.



;;i ESEARCH
AND

E [waineesing
FRi

A urouation
AKD

P reoverivimy
A

S HIFAL LD WG

—_—

Proceedings of the

REAPS Technical Symposium
September 11-13, 1879

San Diego. California




APPLICATION OF THE GIFTS-5 MINIBASED GRAPHICS SYSTEM
FOR SHIP DESIGN AND ANALYSIS

Dr. Hussein A. Kamel
Professor of Aerospace and Mechanical Engineering
University of Arizona
Tucson, Arizona
Dr. Kamel is Professor of Aerospace and Mechanical Engineering, and is
also currently serving as Director of the Interactive Graphics Engineering
Laboratory while conducting research in the areas of finite-element methods,

computer graphics, engineering software, and numerical analysis.

Dr. Kamel holds degrees from the Imperial College of Science and Tech-
nology in London, England and a degree from Cairo University in Egypt. His
past positions include Associate Professorship at the University of Arizona,
and Research Specialist at Boeing Aircraft Company. He has also served as
Senior Lecturer and Head of the Applied Programming Group at the Institut
fur Statik and Dynamik der Luft-and Raufahrtkon-struktionem Technische

Hochschule, in Stuttgart, Germany.

385



APPLI CATION OF THE G FTS-5 M N - BASED
GRAPHI CS SYSTEM FOR SHI P pescn AND ANALYSI S

H A Kanel, Professor of Aerospace and Mechanical Engineering,
University of Arizona, Tucson.

I NTRODUCTI ON

The G FTS finite element structural analysis system has
been developed with the support of the Ofice of Naval
Research, the U S. Coast @ard, and nenbers of the GFTS
Users Goup (GQUG. It is a graphics-oriented collection of
prograns, which operate on a standardized data base. The
systemis designed to fit in a relatively small core area,
and is specifically suited to time sharing and _mni-conputer
systens. It may be used as a stand-alone finite elenent
package or as a pre- and postprocessor for other systens.

CAPABI LITIES OF G FTS 5

A. Mdel GCeneration. Automatic nodel generation and

I nteractive nodel editor. Generation of
paranetric lines with equally, or unequal |y
spaced poi nts, generation of t hree- and
four-si ded surface pat ches, covered wth

triangular or quadrilateral elements of arbitrar

order. Generation of line structural elenents o

arbitrary or der, including a  sophisticated
library of beam el enents. Generation of _ siX-sided
and five-sided solid regions, filled with first
order solid elenents.

B. Mdel Display. Display of nodel outlines or

detailed elenment plots.  Choice of absol ute
viewing direction or I ncrement al rotations.
Label Iing by user of system point nunber, elenent
nunber, el ement  type, material or t hi ckness
nunber . | ntroduction of perspective. Sel ected

display by boxing parallel to nodel or display
axes. Selective elimnation of surface patches.
Sel ective plotting of point or element slices in
solid regions.

386



c. Generation and Display of Load and Boundary
Conditions. G FTS is capable of load and boundary
condi tion generation on surface patches, |ines or
points, as well as inertial |oading due to
transl ati onal acceleration or angular velocity.
The user may obtain plots of |oads and nonents
aﬁpliedtothe nmodel, in the form of arrows,

ose scale may be influenced by the wuser. The
nodel freedonms may be displayed in the form of
vectors, superinposed on the nodel. Prescribed
di spl acenents and freedomto-freedom constraints
may be introduced by the use of Lagr ange
constraints.

D. Displacenent and Stress Display. A plot of the

def or ned model , W th automatically scal ed
di spl acenent, may be produced once t he
defl ecti ons have = been conput ed. All model

plotting options are applicable. In addition, the
user may chang_e the displacenent scale, or create
conposite | oading cases by linearly conbining a
nunper of |oading cases. Labelled stress contours
may be plotted wthin the area being viewed.
Principal stresses may be displayed as vectors
show ng direction and magnitude. Synbols denoting
stress level may also be used. For beam el enents
applied forces and resultant shear and nonents
diagrans over the length of the beam el enent are
displayed. A detailed plot showing normal stress
and shear stress di stributions over the
cross-section may be produced at any point along
the beam s |ength.

E. Static Analysis. The G FTS 5 analysis package
supports a library of basic first order elenents
enconpassing a rod element, a general purpose

beam el ement, triangul ar and  quadrilateral
nmenbrane el ements, triangular and quadril ateral
axi symmetric el enent s, triangul ar and

quadril ateral bendi ng el enents and constrai ned
substructures as well as second or der rod,
triangul ar and quadri |l ateral menbr ane and
triangul ar and quadril ateral axi symetric
elements. Matrix partitioning is utilized to set
up and solve the equations. Several nodes are
| unped together in each partition to increase
solution efficiency. A band- width optinization
Brogram I's included, although the programis not
and width limted.
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F. Substructuring. The program has substructuring and

constrai ned substructuring capabilities. The
substructure boundaries may be Kkinematically
constrai ned usi ng rigid | i near or cubi ¢
constraint functions.. Substructures and/ or

constrained substructures may be assenbl ed,
together with ordinary finite elements to form a
model . After nodel analysis,- it s possible to
request a local analysis of any I ndi vi dual
substructure.

G Vibrational Mde Analysis. QFTS 5 uses the
subspace iteration nethod to obtain a nunber of
the |owest vibrational frequencies and nodes of
an arbitrary structure. Stresses npmy also be
conput ed.

H. Transient Response Analysis. It is possible to
apply a time varying load to a structure, and
corrprute the deflection and stress histories.
G FTS wuses the Houbolt schene (third or der
backward difference).

|. Axisymmetric Solids. GFTS 5 is capable of solving
axi symmetric models under either axi symmetric
| oads, or non-axisymetric |oads broken down 1nto
a Fourier series.

J. Thermal Stress. A tenperature field may be defined
for any structure being, analyzed, and GFTS 5
will conpute the resulting thernmal stresses. |t
does not, however, have heat flow analysis
capability.

K. Retrieval of Nunerical |Information. Apart from
graphic display, GFTS may be used to extract
practically any subset of ~ information from the
data base and print it in an organized manner on
the screen, or on a line printer.

L. Error Detection. Extensive checks are performed
throughout the systemto protect the user agalnst
his own m stakes. User oriented error and warning

messages are printed out wherever appropriate.

MACHI NE | NDEPENDENCE

GFTS 5 is witten exclusively in FORTRAN |V. A conputer
word |length of 16 bits or nore is assumed. No nore thaP four
al phanuneric characters are stored in one word. Hollerith
constants appear only in DATA statenents. All real variables

are single precision and no conplex variables are used. Disk
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files are either sequential or index sequential. In an index
sequential file it is assuned that any record may be read or
witten at random Mst files are bl ocked for 1/0
efficiency. Core buffers nmay contain nore than one bl ock.
Plotting conmands to the termnal are "graphics primtives,"”
and can be easily interfaced to any existing graEhl (oS
package or, better still, inplemented directly. GFTS-5
includes its own special purpose FORTRAN witten Tektronix
termnal driver. FTS-5 versions are available for the Data
CGeneral ECLIPSE-S/ 230, the DEC-10 and DEC- 20, the PDP-11 and
the PRIME faml of conupters. Ver si ons are under
preparation for the CDC 6000 series, the |BM370 series,
UNI VAC and VAX-11/780 conputers.

DOCUMENTATI ON
The progran |istings contain extensive comrenting, which
makes G FTS 5 essentially self-docunenting. In addition,
however, the followi ng manual s are avail abl e:

G FTS PRIMER -- Contains an introduction to the finite

el ement nethod and the G FTS system The text is illustrated
by a nunber of solved sinple exanpl es.
USER S REFERENCE MANUAL -- A docunent describing the

program operation, instruction set, conventions used and so
on.

THEORETI CAL MANUAL -- Contains el enent fornulation, and a
description of all numerical procedures used in the various
sol ution nodul es.

~SYSTEMS MANUAL -- Contains a detailed description of the
Uni fied Data Base, and key information to the system design.

MODELLI NG GU DE -- A discussion of nodelling efficiency,
su,opto_rt ed by many exanples and conparison wth classical
sol utions.

I NTERFACI NG @ FTS TO OTHER PROGRAMS

It is arelatively easy task to interface GFTS to gp
other finite element prograns. After the pre-processing |¥
conplete, a rogram has to be witten to extract the
rel evant data rromthe G FTS data base, create an input file
for the FEM program and initiate 1its execution. It is
assumed that the programw Il place results on an output
tape. This out put taPe can then be read by another interface
program which then feeds the data back into the @G FTS Data
Base for further processing and display. Interfaces exist
for SAP-1V and ANSYS. Qthers are being prepared for NASTRAN,
STAGS, DAI SY and SAP-V.
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DI STRIBUTION OF G FTS 5

G FTS 5 has been supported by the Ofice of Naval
Research and the United States Coast Quard. It is in the
public domain and may be obtained from the University of
Arizona for a reasonable charge. Users Goups exist both in
the United States (UGJG and 1 n Europe (EGJG.

POTENTI AL IN SHI P ANALYSI S AND DESI GN

Although the program is being applied regularly to
practical ship structure analysis by many organizations, it
is somewhat difficult to produce realistic exanples of its
use in a wuniversity environnent. Nevertheless, a set of
exanples are included, which clearly denonstrate t he
suitability of the program for typical ship structure
analysis efforts. These exanples span the spectrum from
sinmple beam idealization of a conplete tanker hull, to a
detailed analysis of a full ship using substructures.

Analysis of a Stiffened Bul khead.

Figure 1 shows a three-dinensional view of one half of a
vertically stiffened bul khead of, say, an oil tanker. Only
one half is nodel ed because of symetry. The problem was
generated and solved wusing G FTS-5 on an ECLIPSE-S/ 230
m ni conputer, running in a tinme-sharing node. The nodel has
a total of 195 nodes and 322 elenents, 154 of which are beam
stiffeners and 168 quadrilateral shell elements. me problem
has a total of 839 active degrees of freedom wth a nmaxi num
hal f band width of 106, and a conputationa (r.ms) half
band wi dth of 76.

Figure 2 shows the commands necessary to generate the
nodel, and apply boundary conditions and loads to it. These
commands may be entered either interactively or via a file.
The 1oads "produced by the second set of commands are
displayed in figure 3, and represent hydrostatic pressures
froma partially filled center tank, and a full wing tank.
The translational degrees of freedom showing both symetry
conditions and support from the deck, bottom side-shell and
| ongi tudenal bul khead appears in figure 4.

The deflections of the bul khead are shown in figure 5.
Stress contours are displayed in figure 6. Load, shear
force bendi n? monent and torque diagrams can be displayed
for any stiffener elenment (see figure 7), and detailed
stress distribution at any position along the elenent may be
shown (see figure 8).
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The analysis, on the time shared niniconputer, cost

aPproxinateI 40 dollars, based on a standard charging
al gorithm e conputer time requirements are given bel ow
Stiffness conputation 608 CPU seconds
Deconposi tion _ 394 CPU seconds
Def | ection conputation 101 CPU seconds
Stress conputation 62 CPU seconds
Total residence tine 41 mnutes wall clock tine

(ot her jobs running sinultaneousely)

Two Di nmensional Menbrane Anal ysis of Webfrane.

Figure 9 shows the subdivision of a webframe structure
into grids, in preparation for the mesh generation
procedure. Figure 10 gives the resulting stress contours.
Such an analysis is typical of day to day applications. The.
mesn generator provides a basic arrangenent of nodes and
el enents, which may be then editted using the GFTS editting
modul e, to introduce |ocal changes, such as stiffeners.

Anal ysis of an ldealized Bulk Carrier Using Substructuring.

This analysis was conducted as a term project by two
students at the university. A typical bay of the ship was
model ed using substructures, each involving up to 700
degrees of freedom see figure 11. These substructures are
then repeated over the parallel mdside portion of the ship,
and the fore and aft portions were conpleted wusing ordinary
shell finite elements to give the conplete structure, see
figure 12. The problem was run on the PDP-15 m ni conputer
using the G FTS-3 package. Results included overall behavior
of the nodel as well as detailed, stress and defl ection
results in the individual substructures. Results are not
shown here due to space considerations.
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Anal ysis of Tubular Joints

Tubul ar joints are of inportance, particularly in the
case of offshore structures. The constrained substructure
technique is used here to provide both overall behaviour and
detailed stress distributions at the joints. In this case a
two-di mensional tubular frane was  nodel ed usin beam
el ements, except at the joints, where a nore detailed
substructure was enployed, see figures 13 and 14. Constraint
conditions were applied at the substructure/beam interface
to ensure conpatibility. The results show the deflections of
e f rame under |oad, see figure 13, as well as the stress

distribution in the joint, see figure 15.

CONCLUSI ONS

A general purpose interactive, graphics oriented, finite
el ement program has been described, Which has applications
in ship structure analysis, both static and dynamc, as well
as in preliminary ship desi ?n. Its  suitability  for
m ni conputer application, as well as its dual role as a pre-
and postprocessing and an analysis tool, give it a certan
uni queness in today's increasingly niniconputer dependent
engi neering environenent.
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Figure 10. Stress Contours in Wbframe Structure
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Figure 11. Subdivision of Bulk Carrier Bay into Substructures
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Figure 12. Conplete Bulk Carrier Model
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